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a b s t r a c t
The energy of a graph G, denoted by E(G), is the sum of the absolute values of the eigen-
values of G. If G is a graph on n vertices and E(G) > 2(n − 1), then G is called a hyper-
energetic graph. In this paper, we prove that all primitive strongly regular graphs except
srg(5, 2, 0, 1), srg(9, 4, 1, 2), srg(10, 3, 0, 1), and srg(16, 5, 0, 2) are hyperenergetic.
© 2011 Elsevier Ltd. All rights reserved.
1. Introduction
Recall that a strongly regular graphwith parameters v, k, λ, µ, in short srg(v, k, λ, µ), is a simple regular graph of degree
k on v vertices and every pair of vertices has λ orµ common neighbours according as they are adjacent or not, respectively.
The complement of a strongly regular graph is also a strongly regular graph. Strongly regular graphs, which are connected
as well as co-connected (i.e. complement also connected), are called primitive graphs. Of course, there is only one class of
imprimitive strongly regular graphs, namely,mKn (m copies of the complete graph Kn).
The energy of a graph G, denoted by E(G), was introduced by Gutman in 1978 (see [1]), as
E(G) =
n−
i=1
|λi|
where n is the number of vertices and λ1, λ2, . . . , λn are the eigenvalues of the graph G. The concept of energy of a graph
arose in chemistry due to its relevance to the total π-electron energy of certain molecules. The energy of the complete
graph Kn, on n vertices, is 2n − 2, as the eigenvalues are n − 1 and −1 with multiplicities 1 and n − 1, respectively. At
one time, it was thought that the complete graph Kn had the maximum energy among all n-vertex graphs. However, in
the early 1980s, Godsil (see [2]) constructed an example of a graph on n vertices, whose energy exceeds 2(n − 1). Then
the graphs G on n vertices, whose energy satisfies E(G) > 2(n − 1), are said to be hyperenergetic. Some authors have
constructed hyperenergetic graphs, namely, Walikar et al. [3], Gutman [4], and Stevanovic and Stankovic [5]. The examples
of hyperenergetic graphs constructed in [3] are the line graphs of complete graphs, which are a particular class of strongly
regular graphs. In [6], Koolen and Moulton gave an upper bound to the energy of graphs on n vertices and showed that the
bound is sharp for strongly regular graphs with parameters

n, n+
√
n
2 ,
n+2√n
4 ,
n+2√n
4

. Then, Haemers studied equivalent
Hadamard matrices of these strongly regular graphs in [7]. Here, we prove that all primitive strongly regular graphs except
srg(5, 2, 0, 1), srg(9, 4, 1, 2), srg(10, 3, 0, 1), and srg(16, 5, 0, 2) are hyperenergetic.
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2. Properties of strongly regular graphs
In this section we list some known properties of strongly regular graphs which we will use in the sequel. One may refer
to [8] and [9] for the properties mentioned below.
Properties 2.1. (i) For any primitive srg(v, k, λ, µ), λ ⩽ k− 2 and µ ⩾ 1.
(ii) Every srg(v, k, λ, µ) has exactly three eigenvalues k, r and s where r is positive and s is negative and are given by
r = 1
2
{(λ− µ)+

(λ− µ)2 + 4(k− µ)}
s = 1
2
{(λ− µ)−

(λ− µ)2 + 4(k− µ)}. (2.1)
The eigenvalue k is simple and the multiplicities of r and s are denoted by f and g respectively, and are given by
f = −k(s+ 1)(k− s)
(k+ rs)(r − s) (2.2)
g = −k(r + 1)(k− r)
(k+ rs)(r − s) . (2.3)
We will have
1+ f + g = v. (2.4)
Since the trace of the adjacency matrix is zero, we get
k+ fr + gs = 0. (2.5)
(iii) The parameters of the strongly regular graph are given in terms of k, r and s as
v = (k− r)(k− s)
(k+ rs) , k = k, λ = k+ rs+ r + s, µ = k+ rs.
(iv) For a primitive strongly regular graph the eigenvalues s cannot be equals to−1, because otherwise from Properties 2.1(iii)we
get λ = k− 1, and this contradicts Properties 2.1(i).
(v) Since k+ rs = µ > 0, for a primitive strongly regular graph, we get
k > r|s|. (2.6)
(vi) If the multiplicities f and g are distinct then r and s are integers. However, the converse is not true. For srg(9, 4, 1, 2), r and
s are integers, and also f = g. Strongly regular graphs with f = g are called conference graphs (or half-case). It is known
that the parameter set of a conference graph is of the form (4µ+ 1, 2µ,µ− 1, µ).
3. Main result
Applying the properties mentioned in the previous section we shall prove our main result here.
Theorem 3.1. All primitive strongly regular graphs except srg(5, 2, 0, 1), srg(9, 4, 1, 2), srg(10, 3, 0, 1), and srg(16, 5, 0, 2)
are hyperenergetic.
Proof. Let G be an srg(v, k, λ, µ). The energy of G is given by E(G) = k + rf + |s|g . From (2.5) we have |s|g = k + rf . So
E(G) = 2|s|g . Then G is hyperenergetic if 2|s|g > 2(v − 1). From (2.4) this condition is equivalent to
(|s| − 1)g > f . (3.7)
Next we will see the following two cases. 
Case I: f = g .
Here (3.7) is equivalent to
|s| > 2. (3.8)
As strongly regular graphswith f = g have theparameter set (4µ+1, 2µ,µ−1, µ), from (2.1),we get |s| = 12 (1+
√
1+ 4µ).
For µ > 2 obviously |s| > 2 and (3.8) is true. For µ = 1 and µ = 2, (3.8) is not true and the strongly regular graphs in this
case are srg(5, 2, 0, 1) and srg(9, 4, 1, 2), respectively.
Case II: f ≠ g .
In this case r and s are integers. Then from Properties 2.1(iv), we get that |s| > 1. In (3.7) we substitute the values of f
and g given in (2.2) and cancel the denominator to get
(|s| − 1)(r + 1)(k− r) > −(s+ 1)(k− s) (3.9)
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because (k + rs) and (r − s) are both positive. Since−(s + 1) = |s| − 1,−s = |s|, and |s| > 1, by cancelling the common
factors on both sides of (3.9) we get that
r(k− r − 1) > |s|. (3.10)
Now (3.7) is equivalent to (3.10).
Subcase (i): r > |s|.
Since µ ⩾ 1 and |s| > 1, we get that k = µ− rs = µ+ r|s| > 1+ r , i.e., (k− r − 1) > 0. Since r is an integer, k− r − 1
is also an integer, and we get that (k− r − 1) ≥ 1. So (3.10) holds true in this subcase.
Subcase (ii): r ⩽ |s|.
Since k > r|s| by Properties 2.1(vi), we get k > r|s| ⩾ r2, i.e. r2k < 1. Now
r
k
r(k− r − 1) = r
2
k
(k− r − 1)
= r2 − r
2
k
(r + 1)
> r2 − (r + 1) ≥ 1, if r ≠ 1.
So, for r ≠ 1, we get |s| < kr < kr rk r(k− r − 1) = r(k− r − 1), and (3.10) is true for this subcase.
Next for r = 1, (3.10) is equivalent to
k > |s| + 2. (3.11)
Taking r = 1 and applying Properties 2.1(iii) we get λ = k+ 2s+ 1 or k = λ− 2s− 1 = 2|s| + λ− 1. Putting this value of
k in (3.11), we will have,
|s| + λ > 3. (3.12)
If |s| > 3, then (3.12) is obviously true. It is easy to check that (3.12) is true for all possible values of (|s|, λ) except (|s|, λ) =
(2, 0), (3, 0), (2, 1). The strongly regular graphs with r = 1 and (|s|, λ) = (2, 0), (3, 0) or (2, 1) are srg(10, 3, 0, 1),
srg(16, 5, 0, 2) or srg(9, 4, 1, 2) respectively.
Acknowledgement
The second author is grateful to the Centre for Theoretical Studies, Indian Institute of Technology, Kharagpur, for their
support and help in working on this problem with the first author.
References
[1] I. Gutman, The energy of a graph: old and new results, in: A. Betten, A. Kohner, R. Laue, A.Wassermann (Eds.), Algebraic Combinatorics and Applications,
Springer, Berline, 2001, pp. 196–211.
[2] R.A. Brauldi, Energy of a graph, 2006. http://www.public.iastate.edu/~lhogben/energyB.pdf.
[3] H. Walikar, H. Ramane, P. Hampiholi, On the energy of a graph, in: Graph Connections, Allied Publishers, New Delhi, 1999.
[4] I. Gutman, Hyperenergetic molecular graphs, J. Serb. Chem. Soc. 64 (1999) 199–205.
[5] D. Stevanovic, I. Stankovic, Remarks on heperenergetic circulant graphs, Linear Algebra Appl. 400 (2005) 345–348.
[6] J.H. Koolen, V. Moulton, Maximal energy graphs, Adv. in Appl. Math. 26 (2001) 47–52.
[7] W.H. Haemers, Strongly regular graphs with maximal energy, Linear Algebra Appl. 429 (2008) 2719–2723.
[8] C. Godsil, Gordon Royle, Algebraic Graph Theory, Springer, 2001.
[9] J.H. Van Lint, R.M. Willson, A Course in Combinatorics, Cambridge Univ. Press, 2001 (Chapter 21).
